Breast reconstruction has been thoroughly studied since the late 19th century as an opportunity to restore the natural appearance of the breasts following mastectomy. Free-tissue breast reconstruction was more recently investigated in 1979 by Hans Holmström to improve upon the shortcomings of implant-based and pedicled flap procedures. 1, 2 In this pioneering work, the rectus abdominis myocutaneous free flap was designed from the tissue removed from abdominoplasties.
1-3
Hartrampf et al refined and popularized Holmström's technique to create the transverse rectus abdominis myocutaneous (TRAM) flap widely used today. This flap served as the framework that eventually gave rise to the free TRAM flap.
1,2,4
Further modifications to abdominally-based free tissue flaps gave rise to the deep inferior epigastric perforator (DIEP) and superficial inferior epigastric artery (SIEA) flaps. Advances in autologous reconstruction yielded a more natural look and texture as well as improved postoperative results including a decreased risk of hematoma, seroma, and cellulitis. 5 However, donor site morbidity such as rectus bulging and hernia formation remained problematic, and flap failure rates as high as 2.4% have been reported. [5] [6] [7] [8] Advances in surgical technique and salvage protocols continue to improve outcomes. While the free flap provides better overall patient satisfaction than implant or pedicled flap techniques, all three remain cornerstone methods of breast reconstruction following mastectomy. 
Free Flap Procedures
Free tissue breast reconstruction has greatly evolved from its initial conception 40 years ago. Abdominal-based reconstruction provides the workhorse for free-flap breast reconstruction, though ingenuity in microsurgery has led to a growing number of unique donor sites. Pregnancy, a sparsity of abdominal tissue, or previous abdominal surgeries such as liposuction are among the contraindications for abdominally based breast reconstruction and lend toward the use of other donor sites. [10] [11] [12] [13] [14] Goals for reconstruction are common among the different donor options and include tissue durability, a natural shape and feel, and minimal donor site morbidity. Pioneered in 1993, gluteal-based free flaps such as the superior and inferior gluteal artery perforator flaps (SGAP and IGAP) were designed for minimal donor site morbidity and long pedicle length. SGAP flaps have the additional potential to be raised as a sensate flap as demonstrated by Blondeel in 1999. 15 However, flap harvest can be tedious requiring a high level of surgical experience. 10, 16 While the SGAP is associated with little postoperative pain, it creates deformities in the buttock contour that are not seen with the IGAP procedure. 10, 11, 17 Conversely, the IGAP flap is associated with more pain, especially upon sitting. 10 A drawback of the operations is the requirement to turn the patient from the lateral decubitus position to the supine position intraoperatively; however, the flap is transferred from the ipsilateral side, allowing for simultaneous preparation of the donor and recipient sites.
rounded and elevated shape of the breast. Additionally, they can provide sensation to the reconstructed breast by coaptation of branches from the obturator nerve. 12,18 Unlike abdominal-based flaps, the TUG and DUG flaps do not generally precipitate bulging or hernias at the donor site. However, the TUG flap requires a horizontal cut along the gluteal fold, producing greater tension at the donor site, increased wound healing complications, contouring deformities of the gluteal fold, and lymphedema at the donor site. 18 The DUG flap avoids some of these complications by placing its incision along Langer's tension lines. This allows for a larger skin paddle, minimization of tension, and preservation of the lymphatics and gluteal fold.
18,20
The PAP flap has more recently been introduced in breast reconstruction. The profunda artery follows a reliable course through the adductor magnus muscle, simplifying the dissection of this perforator flap with greater operative exposure. The PAP flap also boasts a generous vascular pedicle length, can be contoured into a cosmetically-pleasing shape, and can incorporate branches of the posterior femoral cutaneous nerve to provide a sensate flap. 12, 18, 21 Similar to the TUG flap, the PAP flap requires a transverse cut producing increased tension at the donor site. This limits the amount of tissue transferred and increases donor site morbidity including contour deformities and scar widening. 18, 21 However, unlike the TUG flap, lymphatics are avoided during the procedure, and lymphedema is not a significant concern. 12, 18, 21 The PAP flap has recently become a significant, reliable alternative to abdominal-based free tissue reconstruction in patients with sparse abdominal tissue, or who exhibit other contraindications to its use. Additional, albeit less commonly used flaps include the lumbar artery perforator (LAP) flap and lateral thigh perforator (LTP) flap. The LAP flap is based on vessels originating directly from the aorta at the level of L3 or L4 vertebrae. Lumbar fat closely mimics native breast tissue, but limited artery size often requires an interposition graft to the internal mammary vessels. Lower flap design may allow for concealment of scars within conventional underwear. The LTP flap is transversely designed between the anterior superior iliac spine and iliac tubercle and based off of the ascending branch of the lateral femoral circumflex vessels. Vasculature can be greatly variable in this region, and preoperative vascular imaging is recommended. Patients also often note a change in hip shape from convex to concave and must be considered in patients with curvy hips.
Abdomen-Based Flap Procedures
Abdominally based free flaps have been regarded as the most successful breast reconstruction options for women following mastectomy. They provide women with breasts that have a natural appearance and offer the best tissue quality.
22,23
Over the historical course of its use, donor tissue harvest has progressed from the highly invasive pedicled TRAM (pTRAM) flap to the free TRAM (fTRAM) flap. Further attempts to minimize donor site morbidity subsequently led to the advent of muscle-sparing TRAM (msTRAM), the DIEP flap, and most recently the SIEA flap.
22,24
Abdominally based free tissue transfers are based off of the DIE artery system. This is in contrast to the pTRAM flap which is superiorly based and utilizes the superior epigastric vessels. 25 There is conflicting evidence regarding whether pTRAM flaps or fTRAM flaps are associated with increased postoperative complications. Some authors suggest that free tissue transfer increases the incidence of fat necrosis, wound dehiscence, and hematoma when compared to pedicled abdominal reconstruction.
26-29
The DIEP and SIEA flaps forgo the harvesting of muscle during the free flap procedure. However, while the DIEP flap does not utilize muscle, incision of the rectus fascia and dissection of the perforators through the muscle is essential to the operation. The SIEA flap, by leaving the rectus fascia intact, minimizes donor site complications postoperatively. 22 The DIEP and SIEA flaps do not come without their drawbacks, as they are associated with increased risk for fat necrosis compared to the fTRAM and msTRAM flaps.
22-24,30
Some authors, however, suggest that the risk of fat necrosis is more strongly associated with the number of perforators rather than the particular type of tissue transfer utilized. As fewer perforators (usually one or two) are present within the DIEP and SIEA flaps, they are more likely to undergo fat necrosis. 24 The smaller SIEA pedicle length and width also increase the risk of postoperative complications at the surgical anastomosis. In one study by Spiegel and Khan, it was demonstrated that SIEA flaps with a diameter of at least 1.5 mm were required to conduct the operation successfully with minimal flap loss. 31 In another study by Park et al, it was determined that total flap loss for SIEA flaps was 4.8%. 32 It is, therefore, imperative to recognize that each flap has its advantages and disadvantages when determining which tissue transfer is best suited for a particular patient.
DIEP Flap Reconstruction DIEP Flap Anatomy
Successful DIEP flap breast reconstruction requires a detailed understanding of flap anatomy. The DIE artery arises from the external iliac artery deep to the inguinal ligament. It then courses superiorly between the transversalis fascia and the peritoneum before entering the posterior rectus abdominis muscle. After entering the rectus muscle, the artery variably branches into an average of five or so perforators, organized into lateral and medial rows, which will ultimately supply the abdominal skin. Lateral perforators tend to be larger in caliber and easier to dissect. However, medial perforators offer better blood supply to zones III and IV of the abdomen and must be carefully considered when this tissue is to be transferred with the flap. 33, 34 Abdominalbased flaps are indicated for patients with a body mass index (BMI) under 30, nonsmokers, and those who do not require postreconstruction radiation.
35-37

Patient Preparation
Preoperative planning is essential to successful reconstruction. Preoperative computed tomography (CT) can be used on patients with a history of abdominal surgery and has been shown to decrease the time of flap dissection. 38 The patient is marked while standing in the preoperative area. Breast markings include the midline, inframammary folds, and breast pocket while the abdominal skin island is designed as a fusiform shape over the desired perforator determined by CT or preoperative Doppler. Usual anatomic landmarks for this skin island are the anterior superior iliac spines laterally, the umbilicus, and the suprapubic crease. Free tissue breast reconstruction can be completed in either an immediate or delayed fashion. When immediate reconstruction is planned, the plastic surgery team can begin elevating the abdominal flap, while the breast surgeon proceeds with mastectomy. This can be more easily facilitated by turning the operating bed 180 degrees so that the patient's feet are closest to the anesthesiologist. A two-team approach continues following mastectomy or during delayed breast reconstruction for simultaneous dissection of the flap and recipient vessels.
Cardiac clearance is recommended for patients who have been on adriamycin and taxol-based chemotherapy as well as received herceptin. Radiation to the left chest wall can also yield cardiac sequalae. Care should be taken to time the procedure so as to allow for optimum healing after neoadjuvant chemotherapy.
Flap Elevation
The abdomen is incised along preoperative markings and dissection begun along the inferior border of the flap. Dissection is carried down to the fascia while taking care to identify the superficial inferior epigastric vein (SIEV). This is usually located in the inferomedial portion of the flap and should be dissected inferiorly from the pelvic tissue for an additional 4 to 6 cm of length prior to ligation (►Fig. 1). Throughout the remainder of the surgery, the SIEV remains an important tool in monitoring flap congestion. During inset, the SIEV can serve as a second venous anastomosis to improve overall venous drainage.
Flap elevation then proceeds from lateral to medial, identifying all perforators. Once lateral perforators are exposed, dissection can continue from a medial to lateral direction to address the medial perforators. During perforator dissection, a handheld Doppler is a vital tool is assessing blood flow. Once a dominant perforator is identified, Acland clamps can be applied to superlative perforators to ensure adequate perfusion from the chosen vessel. The distal pedicle is then circumferentially exposed using scissors to incise the anterior rectus fascia in the direction of the underlying muscle fibers. Perforators can be hydro-dissected by the use of heparin with an olive tip needle. Dissection proceeds through the rectus fascia and muscle with fine scissors and bipolar electrocautery, isolating the DIE artery perforator to its origin from the external iliac artery. More adherent fibers are often found in proximity to side branches and motor nerves. Side branches should be ligated with surgical clips, while motor nerves are preserved. Medial row perforators exhibit a longer intramuscular course and may require more extensive dissection of the muscle. It is sometimes possible to capture multiple perforators from the same row (►Fig. 2); however, this must be balanced with the need for further tedious dissection and violation of the muscle and fascia. When identifying multiple perforators in the same row, it may be necessary to divide any intervening nerve branches. Capturing multiple perforators from different planes requires transection of intervening muscle fibers and should be avoided when possible. Once enough pedicle length is achieved and the recipient site prepared for transfer, the DIE vessels are clipped and flap freed from the abdomen (►Fig. 3).
Recipient Vessel Harvest
The internal mammary artery and vein (IMA/IMV) remain our recipient vessels of choice while the thoracodorsal vessels can also be used. Use of the thoracodorsal may preclude the use of the latissimus flap for reconstruction at a later date, although a latissimus flap based on the thoracodorsal branch to the serratus may still be possible. The breast pocket is dissected medially to the lateral sternum, taking care to identify and ligate any large perforators from the internal mammary system. The third rib is palpated Fig. 1 Dissected superior inferior epigastric artery. Free Tissue Breast Reconstruction Dibbs et al. 61
and the pectoralis muscle overlying the rib is split parallel to its fibers. Perichondrium is then incised and circumferential dissection of the perichondrium from the underlying rib cartilage completed using a periosteal elevator. Once an area of about 1.5 cm of cartilage is exposed near to or abutting the sternum, a rongeur is used to carefully remove the cartilage. The anterior vessels are located immediately deep to posterior perichondrium. Bipolar electrocautery can be used to safely incise this remaining perichondrium and expose the vessels. Loupe magnification or the microscope are then used to dissect free the recipient vessels. Extra care must be taken when handling radiated tissues.
Flap Inset
Flap inset is more easily facilitated with contralateral free tissue transfer given the positioning of the vessels as well as positioning of the SIEV close to the internal mammary vessels in case of flap congestion. During the recipient vessel harvest, Acland clamps were placed on the anterograde IMA/IMV and the retrograde vessels were clipped. The vessels were divided and irrigated. Anastomosis begins with the artery which is handsewn using a 9-0 nylon suture in interrupted fashion. Venous couplers are then used for venous anastomoses. A 3 mm coupler can often be used. If vein size is less than 2 mm, a handsewn anastomosis may be recommended.
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Acland clamps are released, and any anastomotic leaks immediately addressed with 9-0 nylon sutures. After initial inset, the SIEV can be reassessed to evaluate for venous congestion and the need for an additional venous anastomosis using this vessel. Following the completion of vascular anastomosis, the pedicle is carefully positioned to avoid kinking or excess pressure. Small amount of fat grafts cut from the abdominal tissue are used to pad and properly position the anastomosis site. The flap is then inset using 2-0 Vicryl sutures in interrupted fashion over two 19-French Blake drains.
Closure
The abdominal flap is elevated superiorly in the midline to the level of the xyphoid. The entire width of the abdominal flap needs not be elevated, as closure is accomplished by elevating a superiorly base abdominal flap only 5 cm wide. In patients with higher BMI, the risk of abdominal wound healing and complications increase with undermining of the flap. To further facilitate closure, the patient is flexed at the hips. Drains are brought out through the lateral abdominal wound. The umbilicus is brought out through a stab incision at the new umbilical site.
Postoperative Care
Certain protocols must be maintained postoperatively to ensure the safety and care for the patient. After placing the patient in a flexed beach chair position in the operating room, this positioning is kept for the duration of postoperative care to prevent tension on the abdominal wounds. Each patient also receives an abdominal binder and surgical bra with lateral Kerlix fluffs as a method to manage and alleviate symptoms of pain and reduce tension on inset of flaps. Additionally, movement of the patient from operating room bed to hospital bed is done with care to support flaps during turns and transfer.
Drain care is also essential beginning in the operating room and usually continues until seen in clinic for follow-up. High output from the abdominal wound should demonstrate a gradual decrease with time. Venous occlusion should be of concern if output is observed to be rising. Drains should be removed when output trends are less than 30cc within a 24-hour period or if clots are suspected in order to prevent hematoma formation.
40
It is routine practice at our institution to admit all flap patients to a nursing unit that allows frequent monitoring of vital signs and hourly flap checks. Tachycardia or hypertension may be the result of inadequately managed postoperative pain. Actively checking the patient for their comfort level can help avoid abnormal vital signs. Beta-blocker medications could provide an explanation for bradycardia. Patients with a mean arterial blood pressure below 60 mm Hg should be treated to prevent thrombosis and flap necrosis. 40 Maintaining an adequate urine output is important in assessing blood pressure. Patients should produce urine at a rate of 50 to 100 mL/hour. If the patient is producing less urine and is hypotensive, the administration of diuretics or pressors is not recommended; rather, adding volume or removing narcotics is suggested.
Postoperative flap monitoring is performed with a combination of clinical observation and handheld Doppler. Capillary refill time, temperature, swelling, and color of the flap should all be assessed immediately and frequently following surgery. diagnosis is imperative for flap salvage. If any abnormalities are observed, a surgeon should be notified quickly for further assessment.
Although handheld Dopplers remain a vital aspect of flap monitoring, their ability to detect abnormalities in flap perfusion is quite limited. It is difficult to assess whether the recipient vessel or vascular pedicle is abnormal externally. 41, 46 The use of an implantable Doppler may help address these concerns and allow for more accurate and continuous measurements. 40, 42, 43, 46 The ViOptix Tissue Oximeter (ViOptix, Inc.) is a newer flap monitoring method capable of measuring oxygen saturation using near-infrared spectroscopy with high sensitivity and specificity. In one study by Keller, no flap was lost out of 208 monitored breast flaps and all flaps with potential complications were detected prior to clinical symptoms using ViOptix.
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Additional postoperative considerations include the gradual progression toward physical activity. Patients are asked to use "T-rex arms" for 3 to 4 weeks after surgery. In other words, avoidance of shoulder flexion and abduction helps prevents tension on the flap. Range of motion exercises begins once drains are removed in clinic. It is our practice to have patients stand up on postoperative day (POD) #1. This is accomplished with strict assistance to ensure the patient is maintaining a bent over position at the waist and not using their arms during the transition. Rather than returning to bed, the patients then spend the remainder of their hospital stay in a bedside recliner. We have found that this also maintains a beach chair position while resting and encourages transitioning between sitting and standing without the use of arms. Patients are asked to ambulate on POD#2. While standing up and walking, patients hold a pillowcase in front of them that contains their JP drains. This reduces clutter while walking as well as encourages a Trex arm position while standing and walking. Pre-and postoperative DIEP flap photographs are demonstrated in ►Fig. 4.
Complications
While free flap breast reconstruction is relatively safe, certain risk factors greatly increase the potential for complications. In one study by Seidenstuecker et al, smoking was associated with nearly twice the risk of flap complications and triple the risk of donor site complications. 36 Additionally, obesity was associated with quadruple the risk for total flap complications.
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Postreconstruction radiation has been linked to higher incidence of fat necrosis, hyperpigmentation, and skin contracture. 35, [48] [49] [50] Chemotherapy, however, has not significantly been associated with postoperative morbidity.
51,52
Increasing age is also a risk factor. Deep venous thrombosis (DVT) can be a catastrophic complication of free flap breast reconstruction. Rates of DVT following free tissue breast reconstruction are believed to be between less than 1 to 8%. 55, 56 Risk factors for DVT include prolonged surgery, positive BRCA status, greater age, high BMI, concurrent tamoxifen therapy, and delayed mobilization.
56,57
Practices in DVT prophylaxis vary greatly among reconstructive breast surgeons, and most report noncompliance with American College of Chest Physicians (ACCP) guidelines. 58 Lowmolecular weight heparin (LMWH) is often the prophylactic medication of choice and given daily to all patients throughout the course of admission. For patients with additional risk factors listed above, some surgeons have adapted postoperative protocols that include a full 2-week course of LMWH. Free Tissue Breast Reconstruction Dibbs et al. 63
It is our practice to initiate sequential compression devices prior to induction of anesthesia. These remain on until the time of discharge. Lovenox (40 mg) is first given 6 to 8 hours after the end of ischemia time. It is then given daily for a total of 7 days. Our early mobilization protocols are also essential to the prevention of DVTs.
The most dreaded complication of free tissue breast reconstruction is flap loss. Intraoperatively, the anastomosis must be positioned without kinking, tension, or pressure. Excess pressure on the flap may occur from overzealous flap inset or from overly tight postoperative dressings. However, these preventative measures are not always sufficient to eliminating postoperative complications.
40
The decision to return to the operating room can be very difficult to make for the young surgeon or trainee. If a thrombus is suspected, re-exploration of the free flap should not be delayed. 
Alternative Options for Breast Reconstruction
Alternative surgical options for breast reconstruction include implants, pedicled flaps, and adjunctive fat grafting. Implantbased breast reconstruction has been associated with higher postoperative complications. There is no surmounting evidence that indicates whether immediate or delayed reconstruction offers better outcomes. 48, 62, 63 In one study by
Fischer et al, implant-based reconstructions demonstrated a threefold increased risk for seroma and cellulitis compared to free flap reconstruction. Additionally, implant-based reconstruction was linked to capsular contraction, implant exposure, and infection. 5 Asymmetry requiring contralateral breast reconstruction is also more common. 5 With these additional surgical procedures, the cost associated with the implant-based model may surpass that of autologous flaps. However, while many studies have looked at the postoperative and cost benefits of autologous reconstruction, studies have shown conflicting evidence.
5,62-64
Pedicled flaps have served as effective alternatives when performing breast reconstruction surgery. The pTRAM and latissimus dorsi (LD) flap are both relatively common pedicled flaps transferred during breast reconstruction. As the pTRAM flap transfer requires removal of rectus abdominis muscle, donor site morbidity and longer hospital stays are the main limiting factors in its modern use. 1, 2, 25, 28 The LD flap is reliable and easy to harvest; however, flap volume is limited and of concern for patients who desire a relatively larger breast augmentation. [65] [66] [67] Therefore, LD reconstruction often requires a prosthesis in addition to the flap. 65 A modification of this technique, the extended LD myocutaneous flap, was introduced as a method to avoid use of the implant. 68 In addition to the LD muscle, scapular fat fascia is included for volume, taking care to keep the subdermal plexus of the back intact. 69 As this involves the transfer of whole muscle, fascia, and additional skin, there is a tradeoff between a larger breast size and increased donor site morbidity.
66,68
Fat grafting as an adjunct to pedicled flaps is a novel technique used for patients requiring breast reconstruction following mastectomy. Autologous fat grafting has the benefit of providing patients with increased breast augmentation and low donor site morbidity. 66, 70 Fat grafting has conventionally been used as a method for shaping the breasts appropriately after a delayed time following the index breast reconstruction. 71 Recently, the LD flap has been performed in conjunction with immediate fat transfer to forgo the use of an implant. 66, [70] [71] [72] [73] By avoiding prosthesis, patients are less likely to undergo postoperative complications and further procedures, which may additionally lower overall costs incurred by the patient.
70,72
Conclusion
There are numerous breast reconstruction procedures that can be performed post mastectomy. Free flap procedures should be highly considered as a primary surgical option when undergoing breast reconstruction as it demonstrates overall good postoperative outcomes and low donor site morbidity. Understanding the risks associated with autogenous flap transfers can be helpful for surgeons who may want to utilize an alternative procedure to minimize postoperative complications.
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